Abstract-Handle on the container used in industry has an important role to reduce injuries while doing the activity manual materials handling (MMH). handle design in most industries in Indonesia is usually located on top or no handle. Therefore, this study is conducted to determine the handle position on the box. The method used is the design of experiment (DOE) based on psychophysical and physiological criteria for male workers. A psychophysical criterion refers to the borg scale for rating perceived exertion (RPE), whereas the physiological criterion refers to the heart rate. RPE and heart rate is a dependent variable, while the independent variables used were four box sizes, nine handling positions, and three handle positions on the box. Ten subjects from industrial workers performed 27 combinations for one day during four day. The results of this study indicate that a significant factor influencing psychophysical criteria are 3 main effects, while the physiological criteria just 2 main effects, handle position and box size; based on psychophysical criteria, the handle position on top has a higher RPE values than other positions; and based on physiological criteria, the handle position on top produces a higher heart rate than the other positions.
I. INTRODUCTION
Nowadays, although the technology and the use of machines is growing, human intervention in some jobs that require convenience and flexibility still has a big role in industry. For example, the loading and unloading activities of product get into the pallet and truck in the manufacturing industry. The product loading activity is often referred as Manual Materials Handling (MMH). Manual Material Handling is an activity consisting of lifting, carrying, bending, and twisting motion on the torso which is a major cause of spinal cord injury and other diseases [1] , [2] . In Indonesia, workers who perform MMH activities still occur due to the nature of many types of jobs that are flexible and inexpensive. Workers who normally perform the work are male workers.
One example of MMH activities is the process of transporting the products which are usually packaged in a cardboard box. The use of box often used as a container that can hold a variety of products and facilitate the transport process. A number of designs are raised to protect the product in the box and also packing/unpacking system. Design in Indonesia based on observations without a handle or the position is at the top. Existing size is also varies depending on the type of product that is packaged so there are no specific standards in determining the size of the box and also the determination of the required handle. Therefore, the research discussed about this topic is needed.
Based on previous studies related to the carry activity, it is known there are 3 factors that affect the maximum load capacity: the individual, the workers, occupational activity, and environmental factors [3] . Examples of worker factors are age, gender, and experiences of individuals [4] . Examples of work activity factors are carrying distance, weight, frequency, position while carrying, shape objects, and the materials used [4] . Examples of environmental factors are the room temperature and the room while doing the [4] . In addition, there are studies that divide into 5 factors which affect the physical stress. There are the physical and physiological¸ characteristics when do the MMH activities, the characteristics of the object, the position of lifting (methods of handling materials), spatial aspects of MMH, and environmental factors [5] . These factors need to be considered in carrying out related research activities MMH.
The objectives to be achieved in this study was to determine the factors that influence the physiological and psychophysical criteria in determining the position of the handle on the box and determine the position of the handle in accordance with the approach of psychophysical and physiological for male workers. Engineering and Technology, Vol. 6, No. 6, December 2014 According to Chaffin (1987) , Sanders and McCormick (1992) , Mital et al (1993) , Waters et al., (1993) , Ciriello (2005) , based on factors that are studied, the characteristics of object lifted have a significant effect on stress level of biomechanical, physiological, and psychophysical activities that accompany the MMH [5] - [10] . One of the characteristics of the object studied is the influence of whether there is a handle for the load-carrying capacity. In addition, it states that the existence of the handle will provide a higher level of security and a low pressure compared to no handle when carrying [11] . This study also suggested conducting further research on the position of the handle that can provide comfort and have a low stress [11] . Therefore, based on knowledge gained associated with the studies outlined above, there is no been research related to handle position in terms of psychophysical and physiological methods. This method is valid and used by the studies related to MMH for 3 decades [3] .
II. METHOD

A. Determining the Factors
Based on research conducted by Jung and Jung (2010) , the author uses 3 parameters for continuing advice from these studies by different methods that is psychophysical and physiological [5] 
B. Determining Response Variable
Response variables studied were heart rate, Rating Perceived exertion (RPE), and user preferences using Likert scale 5.
C. Design of Experiment
Experimental design used was a randomized complete block design. This design to control variability arising from non-uniform experimental units that need to be done block. On this design, all blocks contain all treatment. Randomization was performed on each block.
Randomization was performed in this study is randomizing the order of trials of 108 existing combinations. This randomization using a random number that is in that excel further sorted with the greatest value was as a first treatment to the smallest value as a treatment done last.
Repetition (replication) is a repetition of the basic treatment given to the experimental units. Replication of this research is the number of subjects entering the study. The number of subjects who began the study as many as 10 men who have experienced the heavy work and in good health, mean replication in this study as much as 10 times.
D. Research Tool
The following instruments and equipment are required in the study are: 1) questionnaire; 2) boxes used in prototype (can be seen in Fig. 1 ); 3) Place placement customized box with vertical distance measurement to be used, which is 74 cm and 110 cm; 4) Loads used in this study purports square tiles measuring 20 cm x 20 cm with a weight of 500 grams of ceramics; 5) Omron scales that can digitally measure the body weight, body mass index, percent body fat, muscle mass percent, biological age, and the number of calories needed; 6) Digital sphygmomanometer is used to measure pulse and blood pressure; 7) Hand Dynamometer to measure the strength of the subject's hand to experiment; 8) Push Pull Dynamometer function to measure the tensile strength of the subject, and 9) Heart Rate Monitor Tool to record heart rate during the experiments.
E. Data Acquisition Procedures
Here is the detail steps of primary data collection conducted in this study: 1) Candidates who are interested in the subject to follow the experiment were collected in a single day and given explanations. Each candidate has the right subjects chose to participate in the study or not. There is no coercion in this study. For those candidates who have been willing to follow the subject of this study, they will sign a promissory note that will follow to complete the study. Prospective subjects who have signed letters of intent will be asked to fill out personal data and medical history. Fig. 1 . Prototype of the box.
2) Next, measurements were taken to see the body weight, height, knuckle height, shoulder height, blood pressure, heart rate, hand grip strength, and tensile strength. 3) If the subject has met the criteria and were willing to follow the research, will be determined time for data retrieval research. In the study of data collection, the subject should not do strenuous activity (body burden). 4) At the time of the study prior to data collection, subjects who had been re-elected will be given an explanation of the steps and procedures that must be performed during the study. Explanations include:
 Explanation of safe lifting procedures which can be seen in 
F. Hypothesis Testing
Hypothesis testing is done to see the influence of the main factors on heart rate, RPE, and Likert-5 and also the interaction between factors. Equation model used is the model three way because the number of factors used in this study, there are 3 factors. The following equation models in this study: (1) with n h i=1, 2, …, a , j=1, 2,…, b, k=1, 2, …, c , dan l= 1, 2, … …, Table I shows the average of the RPE obtained. RPE were divided into 3 groups on the position of the handle and 9 positions in each group appointment.
III. RESULTS AND DISCUSSION
A. Rating Perceived Exertion (RPE)
To identify why RPE differ on three factors, namely the position of the handle, the position of the appointment, and the size of the box it was a three-way ANOVA. Table II shows the results of a three-way ANOVA. Table III shows the average of the heart rate is obtained. To identify why different heart rate on three factors, namely the position of the handle, the position of the appointment, and the size of the box it was a three-way ANOVA. Table IV shows the results of a three-way ANOVA.
B. Heart Rate
C. Likert Scale
Data processing for Likert scale is based on research by Jung and Jung (2010) [5] . Table V shows the results of ANOVA analyze were conducted for the data Likert scale.
D. Rating Perceived Exertion (RPE)
Based on the results in Table II , the significant variables need a Duncan Test to determine the real differences of each level / degree of factors. Duncan's test results show that the size of 30 × 30 × 30 cm, 40 × 40 × 40 cm, and 50 × 50 × 50 cm are in the same subset that means are not significantly differed, where size 60 × 60 × 60 cm is in different subset, so it is significantly differed. Thus it can be stated that the RPE is the highest in the 60 × 60 × 60 cm box size.
Duncan test is then performed on the handle position factor on RPE values. Duncan test results indicate that all real handle position differed significantly. The handle which required higher energy is in the top, while the smallest is in the bottom.
Duncan test is then performed on the lifting position on RPE values. Duncan test results showed that the position of the knuckle-knuckle (or positions K 4 ) produces the lowest value of RPE. Positions are significantly differed at the K 9 position (height chest-chest height) and K 5 (floor-chest height). In both these positions require higher RPE compared to other positions.
In addition to Duncan test, also tests for normality and homogeneity of RPE value. From both the results of the test, the normality and homogeneity assumption are fulfilled.
E. Heart Rate
Duncan's test results show that the size of 30 × 30 × 30 cm and 60 × 60 × 60 cm are significantly differed, whereas the size 40 × 40 × 40 cm and 50 × 50 × 50 cm are in the same subset size means it is no differed significantly. Thus it can be stated that the highest heart rate is at 60 × 60 × 60 cm, while the lowest in the size of 30 × 30 × 30 cm. High heart rate showed higher energy expenditure than others.
Duncan test is then performed on the handle position factor of heart rate each respondent. Duncan test results showed that the position of the handle on the top significantly differed compared to the middle or bottom. Top handle requires higher heart rate, while the smallest is in the bottom and middle positions.
Duncan test is then performed on the lifting position factor on heart rate value. Duncan test results showed that the Knuckle-position floor (or position K 3 ) has a low heart rate. Positions are significantly differed at the K 9 position (height chest-chest height) and K 5 (floor-chest height). At both positions had greater heart rate and requires considerable energy compared to other positions.
In addition to Duncan test, normality and homogeneity test are conducted to measure heart rate. From both the results of the test, the normality and homogeneity assumption are fulfilled.
F. Likert 5
The factor of box size that have significantly differed there are two sizes 30 × 30 × 30 cm and 60 × 60 × 60 cm. User preference is perceived by the subject that is lighter in size 30 × 30 × 30 cm, whereas the heavier size is 60 × 60 × 60 cm. Furthermore for grip position, all variables are significantly differed. The position on the grip feels heavier in the bottom position. The third factor is the lifting position. Factors that have a significant difference are the position of the appointment of K 5 , K 9 , and K 4 . Position appointment K 4 (knuckle-knuckle) is perceived as the most comfortable position.
However, Likert 5 data are not normally distributed and should be using non-parametric statistics in its processing. Therefore, the Kruskall-Wallis test was used to see the results of the analysis of the real difference each treatment. Hypothesis on Kruskall-Wallis test, namely:
H 0 : All combinations were not significantly differed H 1 : All combinations were significantly differed Based on the test results, the p-value (0.000) <5% alpha, then reject H 0 , which means all combinations were significantly differed.
G. Covariate Analysis for Load
The load has a significant effect on the RPE values, because it is known that the p-value of load is (0.000) <5% alpha. The load also has a significant effect on the value of heart rate. On the results obtained in the analysis of covariates obtained load effects on heart rate, it is known that the p-value of load is (0.000) <5% alpha, then reject H 0 . Based on the results obtained in the analysis of covariates regarding load effects on the value of Likert 5, note that the p-value (0.113) > 5% alpha, then accept H 0 . Therefore it can be concluded that the load does not have a significant effect on the value of the value obtained Likert 5.
IV. CONCLUSION
Based on psychophysical criteria, factors that significantly influence the value of the RPE are 3 main factors (the position of the handle, the position of the appointment, and the size of the box). In addition to these three factors, there was an interaction between the factors size box with handle position which means a change in the level of one factor may result in significant changes to the value of RPE. The larger the box size, the effort given by the subjects also increased. The position of the handle which gives a greater effort is in the grip position.
Based on physiological criteria, factors which significantly affect heart rate are 2 main factors (the position of the handle and the size of the box). The larger the size, the heart rate produced by the subject also increases. For position handle based on physiological criteria, the position of the handle in the middle and bottom position gives lower heart rate than position in the top. This suggests that the lower and middle position gives a lower energy level than the position of the handle at the top.
